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Description 

Field  of  the  Invention 

[0001]  The  present  invention  generally  relates  to  dig- 
ital  computing  systems,  and  more  specifically  to  testable 
memory  arrays. 

Background  of  the  Invention 

[0002]  Device  density  and  circuit  functionality  are  the 
twin  touchstones  of  the  semiconductor  industry.  The 
combination  of  these  two  criteria  are  driving  the  industry 
to  create  each  new  generation  of  products  which  are 
smaller,  faster,  more  functional  and  less  expensive  than 
the  prior  generation.  Unfortunately,  these  two  goals  are 
in  opposition  to  a  third,  equally  important  measure,  man- 
ufacturing  testability.  No  product,  however  small,  fast  or 
functional,  can  be  marketed  if  the  product  can  not  be 
expected  to  operate  as  designed.  As  products  get  small- 
er,  faster,  and  more  functional,  the  number  of  parame- 
ters  to  be  tested  increases.  And,  each  parameter  be- 
comes  more  inconvenient  to  test. 
[0003]  One  approach  to  testing  clocked  circuits  or 
portions  of  clocked  circuits  is  by  creating  scan  chains. 
These  circuits  may  be  difficult  to  test  because  they  are 
difficult  to  isolate  either  functionally  or  physically  from 
other  circuits.  A  circuit  incorporating  this  method  is 
sometimes  referred  to  as  level-sensitive  scan  design 
("LSSD").  In  an  LSSD  circuit,  the  input  of  each  critical 
latch  (a  bit  cell,  the  receiver  of  the  output  of  some  block 
of  combinatorial  logic,  etc.)  receives  two  inputs.  The  first 
input  is  the  normal  functional  data  as  required  by  the 
operation  of  the  latch.  The  second  input  is  the  output 
from  some  other  latch  which  is  located  nearby.  A  certain 
number  of  these  critical  latches  are  combined  in  this  way 
to  create  a  chain.  The  input  to  the  first  latch  and  the  out- 
put  of  the  last  latch  in  the  chain  are  connected  to  the 
circuit's  output  pins.  During  testing,  each  latch  in  the 
LSSD  circuit  is  configured  to  receive  the  data  output 
from  the  nearby  latch  and  particular  test  data  is  directly 
loaded  into  each  of  the  latche.  The  circuit  is  then  con- 
figured  to  operate  normally  and  the  machine  state  ad- 
vanced  one  or  more  clock  cycles.  Finally,  the  LSSF  cir- 
cuit  is  configured  into  the  test  mode  and  the  data  stored 
in  the  chains  latches  is  output  to  verify  the  proper  oper- 
ation  of  the  data. 
[0004]  The  LSSD  method  results  in  certain  complica- 
tions  which  may  be  worse  than  the  problem  they  are  in- 
tended  to  solve.  For  instance,  pass  gate  multiplexers  re- 
quire  that  only  one  control  signal  be  asserted  ("one  hot") 
at  a  time.  Otherwise,  the  multiplexer  will  connect  two  dif- 
ferent  inputs  to  the  same  output  node.  If  the  two  inputs 
are  different  voltage  levels,  then  the  multiplexer  will 
cause  an  electrical  short-circuit.  Normally,  the  logic  gen- 
erating  the  multiplexer's  control  signals  guarantees  that 
only  one  input  signal  will  ever  be  asserted,  avoiding  the 
electrical  short-circuit.  However,  in  an  LSSF  circuit,  it  is 

impossible  to  guarantee  that  a  certain  combination  of 
data  will  never  be  input  to  a  particular  set  of  latches  dur- 
ing  scan  in  or  scan  out.  Therefore,  if  the  inputs  to  a  pass 
gate  multiplexer  are  latched  and  are  part  of  an  LSSD 

5  chain,  then  it  is  impossible  to  guarantee  that  the  multi- 
plexer  will  not  cause  an  electrical  short-circuit. 
[0005]  Proceeding  International  Test  Conference 
1  993,  page  773-781  ,  R.  Patel  et  al  "Testability  Features 
of  the  Super  Sparc  Microprocessor"  relates  to  the  test- 

10  ability  features  of  an  highly  integrated  processor,  includ- 
ing  discussions  on  test  pattern  generation  method  and 
tools  used  for  generating  the  test  vectors. 

Summary  of  the  Invention 
15 

[0006]  In  accordance  with  the  present  invention,  there 
is  disclosed  a  testable  memory  array  as  specified  in 
claim  1  ,  which  substantially  eliminates  disadvantages  of 
known  memory  arrays. 

20  [0007]  A  testable  memory  arrays  has  decode  means 
coupled  to  N  entries,  where  N  is  an  integer.  The  decode 
means  asserts  one  and  only  one  of  N  control  signals 
responsive  to  a  received  input  signal.  Each  of  the  N  en- 
tries  has  a  tag  means,  a  testing  means,  and  a  storage 

25  means.  The  tag  means  stores  a  tag  and  asserts  a 
matchline  signal  if  the  tag  is  logically  equivalent  to  an 
input  tag.  The  testing  means  receives  the  matchline  sig- 
nal,  a  differing  one  of  the  N  control  signals  and  a  test 
control  signal.  The  testing  means  asserts  a  wordline  sig- 

30  nal  if  the  test  control  signal  corresponds  to  a  first  logic 
state  and  the  tag  means  asserts  the  matchline  signal  or 
if  the  test  control  signal  corresponds  to  a  second  logic 
state  and  the  decode  means  asserts  the  differing  one  of 
the  N  control  signals.  The  storage  means  stores  a  data 

35  field  and  outputs  the  data  field  responsive  to  the  asser- 
tion  of  the  wordline  signal. 

Brief  Description  of  the  Drawings 

40  [0008]  The  features  and  advantages  of  the  present  in- 
vention  will  be  more  clearly  understood  from  the  follow- 
ing  detailed  description  taken  in  conjunction  with  the  ac- 
companying  FIGURES  where  like  numerals  refer  to  like 
and  corresponding  parts  and  in  which: 

45 
FIG.  1  depicts  a  block  diagram  of  a  data  processor 
constructed  in  accordance  with  the  present  inven- 
tion; 
FIG.  2  depicts  a  timing  diagram  of  an  instruction  ex- 

so  ecuted  by  the  data  processor  depicted  in  FIG.  1  ; 
FIG.  3  depicts  a  block  diagram  of  the  first  rename 
buffers  depicted  in  FIG.  1;  and 
FIG.  4  depicts  a  simplified  block  diagram  of  two  en- 
tries  in  the  first  rename  buffer  depicted  in  FIG.  3. 

55 
Detailed  Description  of  a  Preferred  Embodiment 

[0009]  FIG.  1  depicts  a  block  diagram  of  a  data  proc- 
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essor  10  constructed  in  accordance  with  the  present  in- 
vention.  Data  processor  10  is  a  data  processor  that  im- 
proves  its  manufacturing  testability  by  using  level  sen- 
sitive  scan  design  ("LSSD")  circuits  in  certains  areas. 
For  instance,  data  processor  10  has  latch  scan  chains  s 
created  from  the  content  addressable  memory  bit  cells 
("CAM")  and  the  static  random  access  memory  bit  cells 
("SRAM")  of  its  two  rename  buffers.  Data  processor  10 
uses  two  rename  buffers  to  maintain  in-order  instruction 
completion  in  spite  of  out-of-order  instruction  comple-  10 
tion.  These  rename  buffers  forward  instruction  oper- 
ands  to  execution  units  through  pass  gate  multiplexers. 
However,  the  disclosed  invention  guarantees  that  these 
pass  gate  multiplexers  only  output  one  voltage  level  in 
both  the  normal  mode  and  in  the  test  mode.  This  oper-  15 
ation  requires  minimal  additional  circuitry. 
[0010]  Continuing  with  FIG.  1,  a  bus  interface  unit 
(hereafter  BIU)  1  2  controls  the  flow  of  data  between  data 
processor  10  and  the  remainder  of  a  data  processing 
system  (not  depicted).  BIU  12  is  connected  to  an  instruc-  20 
tion  cache  14  and  to  a  data  cache  16.  Instruction  cache 
14  supplies  an  instruction  stream  to  a  sequencer  unit 
18.  Sequencer  unit  18  forwards  individual  instructions 
to  an  appropriate  execution  unit.  Data  processor  1  0  has 
a  branch  unit  20,  a  fixed  point  execution  unit  A  22,  a  25 
fixed  point  execution  unit  B  24,  a  complex  fixed  point 
execution  unit  26,  a  load/store  execution  unit  28,  and  a 
floating  point  execution  unit  30.  Fixed  point  execution 
unit  A  22,  fixed  point  execution  unit  B  24,  complex  fixed 
point  execution  unit  26,  and  load/store  execution  unit  28  30 
read  and  write  their  results  to  a  general  purpose  archi- 
tectural  register  file  32,  (labeled  GPRs  and  hereafter 
GPR  file)  and  to  a  first  rename  buffer  34.  First  rename 
buffer  34  is  more  fully  described  below  in  connection 
with  FIG.s  3  and  4.  Floating  point  execution  unit  26  and  35 
load/store  execution  unit  28  read  and  write  their  results 
to  a  floating  point  architectural  register  file  36,  (labeled 
FPRs  and  hereafter  FPR  file)  and  to  a  second  rename 
buffer  38. 
[0011]  The  operation  of  data  processor  1  0  without  the  40 
disclosed  invention  is  known  in  the  art.  In  general, 
branch  unit  20  determines  what  sequence  of  pro- 
grammed  instructions  is  appropriate  given  the  contents 
of  certain  data  registers  and  the  instructions  them- 
selves.  Instruction  cache  14  provides  this  sequence  of  45 
programmed  instructions  to  sequencer  18.  If  instruction 
cache  14  does  not  contain  the  required  instructions, 
then  it  will  fetch  them  from  a  main  memory  system  ex- 
ternal  to  data  processor  10  (not  shown). 
[0012]  Sequencer  unit  18  issues  the  individual  in-  so 
structions  of  the  sequence  of  programmed  instructions 
to  the  various  execution  units  20,  22,  24,  26,  28  and  30. 
Each  of  the  execution  units  performs  one  or  more  in- 
structions  of  a  particular  class  of  instructions.  The  par- 
ticular  class  of  instructions  of  each  execution  unit  is  in-  55 
dicated  by  the  name  of  the  execution  unit.  For  instance, 
fixed  point  execution  units  A  and  B  perform  simple  math- 
ematical  operations  and  operands  expressed  in  fixed 

point  notation  such  as  addition,  subtraction,  ANDing, 
ORing  and  XORing.  Complex  fixed  point  execution  26 
performs  more  complex  mathematical  operations  on  op- 
erands  expressed  in  fixed  point  notation  such  as  multi- 
plication  and  division.  Floating  point  execution  unit  30 
performs  mathematical  operations  on  operands  ex- 
pressed  in  floating  point  notation  such  as  multiplication 
and  division. 
[0013]  Fixed  point  execution  units  A  and  B  and  com- 
plex  fixed  point  unit  26  return  the  results  of  their  opera- 
tions  to  designated  entries  in  first  rename  buffer  34.  First 
rename  buffer  34  periodically  updates  an  entry  of  GPR 
file  32  with  an  entry  from  first  rename  buffer  34  when  all 
instructions  preceding  the  instruction  that  generated  the 
result  have  updated  their  GPR  file  entries.  Sequencer 
unit  1  8  coordinates  this  updating.  Both  first  rename  buff- 
er  34  and  GPR  file  32  can  supply  operands  to  fixed  point 
execution  units  A  and  B  and  to  complex  fixed  point  unit 
26. 
[0014]  Floating  point  execution  unit  30  returns  the  re- 
sults  of  its  operations  to  designated  entries  in  second 
rename  buffer  38.  Second  rename  buffer  38  periodically 
updates  an  entry  of  FPR  file  36  with  an  entry  in  second 
rename  buffer  38  when  all  instructions  preceding  the  in- 
struction  that  generated  the  result  have  updated  their 
FPR  file  entries.  Sequencer  unit  1  8  also  coordinates  this 
updating.  Both  second  rename  buffer  38  and  FPR  file 
36  supply  operands  to  floating  point  execution  unit  30. 
[0015]  Load/store  unit  28  reads  data  stored  in  GPR 
file  32,  first  rename  buffer  34,  FPR  file  36  or  second  re- 
name  buffer  38  and  writes  the  selected  data  to  data 
cache  16.  This  data  may  also  be  written  to  an  external 
memory  system  (not  depicted)  depending  upon  operat- 
ing  characteristics  of  data  processor  10  not  relevant  to 
the  disclosed  invention.  Conversely,  load/store  unit  28 
reads  data  stored  in  data  cache  16  and  writes  the  read 
data  to  GPR  file  32,  first  rename  buffer  34,  FPR  file  36 
or  second  rename  buffer  38.  If  data  cache  16  does  not 
contain  the  required  data,  the  it  will  fetch  it  from  the  main 
memory  system  external  to  data  processor  10  via  BIU 
12. 
[0016]  The  operation  of  data  processor  10  with  the 
disclosed  data  cache  is  described  below  in  connection 
with  FIG.s  2  through  4.  In  general,  data  processor  10  is 
a  reduced  instruction  set  computer  ("RISC").  Data  proc- 
essor  10  achieves  high  performance  by  breaking  each 
instruction  into  a  sequence  of  smaller  steps,  each  of 
which  may  be  overlapped  in  time  with  steps  of  other  in- 
structions.  This  performance  strategy  is  known  as  "pipe 
lining." 
[0017]  FIG.  2  depicts  a  timing  diagram  of  an  instruc- 
tion  executed  by  data  processor  10  depicted  in  FIG.  1. 
In  the  depicted  embodiment,  each  instruction  is  broken 
into  five  discrete  steps:  fetch,  decode,  dispatch,  exe- 
cute,  and  completion. 
[0018]  In  the  fetch  stage,  memory  management  cir- 
cuitry  (not  shown)  within  instruction  cache  14  retrieves 
one  or  more  instructions  beginning  at  a  memory  address 
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identified  by  sequencer  unit  18  or  by  branch  unit  20  in 
the  prior  clock  cycle. 
[0019]  In  the  decode  stage,  instructions  are  decoded 
by  the  sequencer  unit  18  into  a  number  of  control  signals 
for  use  by  subsequent  stages.  s 
[0020]  In  the  dispatch  stage,  sequencer  unit  18  routes 
each  instruction  to  the  appropriate  execution  unit  after 
determining  that  there  are  no  impermissible  data  or  re- 
source  dependencies  and  after  reserving  a  rename  buff- 
er  entry  for  the  result  of  the  instruction.  The  dispatch  10 
stage  is  also  responsible  for  supplying  operand  informa- 
tion  for  the  instructions  being  dispatched. 
[0021]  In  the  execute  stage,  each  particular  execution 
unit  executes  its  programmed  instruction.  Results,  if 
any,  are  returned  either  to  first  rename  buffer  34  or  sec-  15 
ond  rename  buffer  38,  respectively,  for  integer  and  float- 
ing  point  results. 
[0022]  In  the  completion  stage,  sequencer  unit  18  up- 
dates  the  architectural  register  files  with  the  result  of  a 
particular  instruction  stored  in  a  rename  buffer  after  eve-  20 
ry  instruction  preceding  the  particular  instruction  has  so 
updated  the  architectural  register  file.  The  completion 
stage  also  updates  all  other  architectural  states  in  the 
machine  after  every  instruction  preceding  the  particular 
instruction  has  so  updated  the  architectural  state.  25 
[0023]  Generally,  each  instruction  stage  takes  one 
machine  clock  cycle.  However,  some  instructions,  such 
as  complex  fixed  point  instructions,  require  more  than 
one  clock  cycle  to  execute.  Therefore,  there  may  be  a 
delay  between  the  execution  and  completion  stages  of  30 
a  particular  instruction  due  to  the  range  of  times  which 
previous  instructions  may  have  taken  to  execute. 
[0024]  FIG.  3  depicts  a  block  diagram  of  first  rename 
buffer  34  depicted  in  FIG.  1  .  First  rename  buffer  34  con- 
tains  twelve  entries  which  act  as  buffers  for  up  to  twelve  35 
instruction  results  during  the  period  between  each  in- 
struction's  execution  and  completion.  First  rename  buff- 
er  34  also  receives  the  control  signal  TEST.  Testing  cir- 
cuitry  in  data  processor  10  (not  shown)  asserts  the  con- 
trol  signal  TEST  when  data  is  scanned  into  or  out  of  the  40 
LSSD  chains  contained  in  first  rename  buffer  34.  Re- 
name  buffer  34  can  be  operated  normally  between  scan- 
ning  in  and  scanning  out  data  by  advancing  the  proces- 
sor  clock. 
[0025]  First  rename  buffer  34  is  a  fully  associative  45 
cache  content  addressable  memory  ("CAM")-static  ran- 
dom  access  memory  ("SRAM")  structure.  Each  of  the 
twelve  cache  lines  contains  a  five  bit  GPR  tag  entry 
stored  in  a  static  CAM  structure.  Each  of  the  twelve 
cache  lines  also  contains  a  single  valid  bit  and  a  thirty-  so 
two  bit  data  field  stored  in  an  SRAM  structure.  Sequenc- 
er  unit  1  8  copies  the  data  stored  in  the  thirty-two  bit  data 
field  to  the  general  purpose  register  file  specified  by  the 
entry's  GPR  tag  when  the  instruction  generating  the  da- 
ta  is  completed.  Each  SRAM  bit  cell  in  each  entries'  data  55 
field  has  eight  read  ports  for  instruction  dispatch,  four 
write  ports  for  instruction  write-back  (end  of  instruction 
execution),  and  two  read  ports  for  instruction  comple- 

tion. 
[0026]  Sequencer  unit  18  causes  first  rename  buffer 
34  to  supply  up  to  eight  operands  to  execution  units  22, 
24,  26  and  28  (two  per  execution  unit)  at  instruction  dis- 
patch.  Sequencer  unit  1  8  applies  the  necessary  number 
of  GPR  tags  to  the  eight  read  ports  to  forward  the  oper- 
ands  to  eight  two-to-one  multiplexers  40  through  47. 
The  output  of  a  differing  one  of  the  eight  two-to-one  mul- 
tiplexers  40  through  47  generates  a  differing  one  of  eight 
operand  buses.  A  differing  pair  of  the  eight  operand  bus- 
es  is  connected  to  a  differing  one  of  the  execution  units 
22,  24,  26  and  28.  The  eight  two-to-one  multiplexers  40 
through  47  also  receive  eight  operands  from  GPR  file 
32.  GPR  file  32  also  forwards  up  to  eight  operands  to 
the  eight  multiplexers  40  through  47.  Each  of  the  eight 
multiplexers  40  through  47  outputs  the  entry  sourced  by 
rename  buffer  34  if  matching  the  entry  matches  the  input 
GPR  tag  field  and  if  it  is  valid.  Otherwise,  multiplexers 
40  through  47  forward  the  data  stored  in  GPR  file  32  to 
the  execution  unit. 
[0027]  Execution  units  22,  24,  26  and  28  write  back 
the  results  of  their  instructions  to  first  rename  buffer  34 
via  four  result  buses.  Execution  units  22,  24,  26  and  28 
can  execute  up  to  four  instructions  each  machine  cycle 
(one  per  execution  unit).  Each  one  of  execution  units 
22,  24,  26  and  28  applies  a  four  bit  index  to  a  different 
one  of  the  four  write  ports  (four  one-of-twelve  decoders 
shown  in  FIG.  4).  Each  one  of  these  four  one-of-twelve 
decoders  connects  the  data  field  of  an  entry  to  a  partic- 
ular  one  of  the  four  write  back  buses.  Sequence  unit  1  8 
supplies  these  indices  to  the  various  execution  units 
when  it  dispatches  the  instructions.  These  indices  iden- 
tify  particular  entries  in  first  rename  buffer  34  to  which 
the  execution  units  write  back  their  instruction  results. 
[0028]  Sequencer  unit  18  causes  first  rename  buffer 
34  to  update  GPR  file  32  at  instruction  completion.  Se- 
quencer  unit  18  can  complete  up  to  two  instructions 
each  machine  cycle.  Sequencer  unit  18  applies  two  four 
bit  entry  indices  to  two  one-of-twelve  decoders  (FIG.  4). 
Each  one  of  these  two  decoders  connect  the  data  field 
of  an  entry  to  a  particular  one  of  the  two  completion  bus- 
es. 
[0029]  FIG  .  4  depicts  a  simplified  block  diagram  of  two 
entries,  ENTRY  1  and  ENTRY  12,  of  rename  buffer  34 
depicted  in  FIG.  3.  Rename  buffer  34  contains  ten  inter- 
vening  entries  similar  to  ENTRY  1  and  ENTRY  12  as 
indicated  by  the  intervening  ellipsis.  As  described 
above,  each  entry  has  five  multi-ported  GPR  tag  CAM 
bit  cells  (collectively  labeled  TAG  1  and  TAG  12),  and 
thirty-two  multi-ported  DATA  SRAM  bit  cells  (collectively 
labeled  DATA  1  and  DATA  12).  The  five  GPR  tag  CAM 
bit  cells  receive  up  to  eight  GPR  tags  from  sequencer 
unit  18  on  eight  sets  of  bit  lines.  Similarly,  the  thirty-two 
SRAM  bit  cells  output  up  to  eight  data  fields  to  multiplex- 
ers  40  through  47  on  eight  sets  of  bit  lines.  Only  the  first 
set  of  GPR  tag  bit  lines  (labeled  "DISPATCH  READ 
PORT  #1")  and  the  first  set  of  output  bit  lines  (labeled 
"TO  OPERAND  BUS  #1  ")  are  depicted. 

4 
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[0030]  The  thirty-two  SRAM  bit  cells  in  each  entry  are 
connected  to  one  set  of  thirty-two  bit  lines  by  a  pass  gate 
multiplexer.  In  particular,  the  Ith  SRAM  bit  cell  in  the  Jth 
entry  is  connected  to  the  Ith  bit  line  via  a  differing  one 
of  three  hundred  and  eighty-four  n-type  transistors  (12 
x  32),  where  I  and  J  are  integer  indices  ranging  from  one 
to  thirty-two  and  from  one  to  twelve,  respectively.  Each 
SRAM  bit  cell  has  two  inverters  connected  input  to  out- 
put.  A  first  current  electrode  of  the  n-type  transistor  is 
connected  to  the  ouptut  of  one  of  the  bit  cell  inverters  of 
the  Ith  bit  cell.  A  second  current  electrode  of  the  n-type 
transistor  is  connected  to  the  Ith  bit  line.  A  control  elec- 
trode  of  the  thirty-two  n-type  transistors  connected  to 
the  thirty-two  SRAM  bit  cells  of  the  Jth  entry  are  con- 
nected  to  a  Jth  wordline  control  signal.  When  asserted, 
the  Jth  wordline  places  the  thirty-two  bit  cells  of  the  Jth 
entry  into  an  electrically  conductive  state.  The  contents 
of  the  thirty-two  SRAM  bit  cells  of  a  particular  entry  is 
then  output  to  the  thirty-two  bit  lines. 
[0031]  Normally,  sequencer  unit  18  prevents  rename 
buffers  34  from  ever  storing  more  than  one  valid  instruc- 
tion  result  destined  for  the  same  general  purpose  reg- 
ister.  This  implies  that  only  one  or  none  of  the  stored 
GPR  tags  will  ever  match  an  input  GPR  tag.  However, 
the  CAM  and  SRAM  bit  cells  of  rename  buffer  are  inter- 
connected,  forming  several  scan  chains  for  testing  pur- 
poses.  As  described  above,  data  can  be  directly 
scanned  into  and  out  of  the  chains  for  purposes  of 
checking  functionality.  Therefore,  it  is  possible  for  more 
than  one  stored  GPR  tag  to  match  whatever  is  input  onto 
the  DISPATCH  READ  PORT  #1  during  scan  in  or  scan 
out.  If  more  than  one  stored  GPR  tag  matches  its  input, 
then  two  data  fields  will  be  connected  to  the  same  set 
of  bit  lines.  It  is  likely  that  the  two  data  fields  of  the  two 
matching  entries  will  not  be  logically  equivalent.  In  this 
case,  rename  buffer  34  will  connect  two  different  voltage 
levels  to  the  same  bit  line,  causing  permanent  damage 
to  rename  buffer  34.  The  two  voltage  levels  correspond 
to  the  two  different  logic  states  stored  in  some  bit  cell  of 
two  matching  entries.  As  described  below,  the  disclosed 
invention  prevents  this  undesirable  electrical  short-cir- 
cuit  without  adding  significant  additional  circuitry. 
[0032]  The  Jth  wordline  is  gated  with  the  output  of  a 
one-of-twelve  decoder  48  during  scan  in  or  scan  out. 
This  prevents  rename  buffer  34  from  connecting  more 
than  one  data  field  entry  to  the  same  set  of  output  bit 
lines.  One-of-twelve  decoder  48  is  already  present  in 
rename  buffer  34  for  write  back  purposes.  An  output  of 
an  AND  gate  50  generates  the  control  signal  WORD- 
LINE  1  .  A  first  input  of  AND  gate  50  receives  a  control 
signal  MATCHLINE  1  generated  by  the  first  entry's  five 
GPR  tag  CAM  bit  cells.  A  second  input  of  AND  gate  50 
receives  an  output  of  an  OR  gate  52.  A  first  input  of  OR 
gate  52  receives  the  control  signal  TEST.  A  second  input 
of  OR  gate  52  receives  a  differing  one  of  the  twelve  out- 
put  signals  generated  by  one-of-twelve  decoder  48. 
Similarly,  an  output  of  an  AND  gate  54  generates  the 
control  signal  WORDLINE  12.  A  first  input  of  AND  gate 

54  receives  a  control  signal  MATCHLINE  11  generated 
by  the  twelfth  entry's  five  GPR  tag  CAM  bit  cells.  A  sec- 
ond  input  of  AND  gate  54  receives  an  output  of  an  OR 
gate  56.  A  first  input  of  OR  gate  56  receives  the  control 

5  signal  TEST.  A  second  input  of  OR  gate  56  receives  a 
differing  one  of  the  twelve  output  signals  generated  by 
one-of-twelve  decoder  48.  It  should  be  understood  that 
each  of  the  seven  remaining  operand  buses  is  suscep- 
tible  to  testing  damage  as  are  the  bit  lines  comprising 

10  OPERAND  BUS  #1  .  Therefore,  these  seven  other  op- 
erand  buses  are  also  protected  as  is  OPERAND  BUS 
#1. 
[0033]  In  normal  operation,  the  control  signal  TEST  is 
asserted.  This  assertion  forces  the  output  of  the  twelve 

is  OR  gates  (only  OR  gates  52  and  56  are  depicted)  to  a 
high  logic  state.  The  twelve  AND  gates  (only  AND  gates 
50  and  54  are  depicted)  then  directly  pass  the  logic 
states  present  on  the  twelve  matchline  control  signals 
to  the  twelve  wordline  control  signals.  During  instruction 

20  dispatch,  the  operation  of  sequencer  unit  18  will  guar- 
antee  that  only  one  or  none  of  the  stored  tags  will  match 
an  input  GPR  tag.  The  matching  stored  GPR  tag  will  as- 
sert  it  matchline  signal,  connecting  the  entry's  thirty-two 
SRAM  bit  cells  to  the  output  bit  lines.  During  instruction 

25  write  back,  one-of-twelve  decoder  48  connects  one  and 
only  one  entry  in  rename  buffer  34  to  a  result  bus  (not 
shown)  connected  to  fixed  point  execution  unit  A  22. 
This  connection  facilitates  instruction  write  back. 
[0034]  During  testing,  it  is  not  important  that  rename 

30  buffer  34  operate  as  it  does  normally.  In  fact,  those  latch- 
es  that  are  members  of  some  scan  chain  will  not  receive 
their  normal  inputs  during  testing.  However,  it  is  impor- 
tant  that  rename  buffer  34  not  be  damaged.  During  test- 
ing,  the  control  signal  TEST  is  de-asserted.  This  de-as- 

35  sertion  connects  the  twelve  output  signals  of  one-of- 
twelve  decoder  48  to  the  inputs  of  twelve  AND  gates  50 
and  54.  The  functionality  of  one-of-twelve  decoder  48 
ensures  that  only  one  of  the  twelve  AND  gates  50 
through  54  may  assert  its  output.  This  characteristic  of 

40  one-of-twelve  decoder  48  is  independent  of  its  inputs. 
Therefore,  only  the  one  entry  receiving  the  one  asserted 
output  of  one-of-twelve  decoder  48  can  connect  its  data 
field  to  the  output  bit  lines.  (The  one  entry  may  or  may 
not  connect  its  data  field  to  OPERAND  BUS  #1  depend- 

45  ing  upon  its  stores  GPR  tag  and  the  input  GPR  tag.) 
[0035]  Although  the  present  invention  has  been  de- 
scribed  with  reference  to  a  specific  embodiment,  further 
modifications  and  improvements  will  occur  to  those 
skilled  in  the  art.  For  instance,  the  disclosed  invention 

so  may  be  incorporated  into  data  processors  traditionally 
classified  as  complex  instruction  set  computers  or  CISC 
machines.  Also,  certain  functional  units  may  be  omitted 
in  certain  embodiments  or  relocated  to  other  areas  of 
data  processor  10.  It  is  to  be  understood  therefore,  that 

55  the  invention  encompasses  all  such  modifications  that 
do  not  depart  from  the  scope  of  the  invention  as  defined 
in  the  appended  claims. 
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Claims 

1  .  A  testable  memory  array  comprising  : 

a)  a  one-of-N  decoder  (48),  where  N  is  an  inte-  s 
ger,  the  one-of-N  decoder  asserting  one  and 
only  one  of  N  decode  signals  (DECODE  1  ,  DE- 
CODE  1  2)  responsive  to  a  received  input  signal 
(WRITE  BACK  BUS); 

10 
b)  N  entries  (ENTRY  1  ,  ENTRY  1  2)  coupled  to 
the  one-of-N  decoder,  each  of  the  N  entries 
comprising: 

c)  a  plurality  of  content  addressable  memory  bit  15 
cells  storing  a  tag  (TAG  1  ,  TAG  2),  the  plurality 
of  content  addressable  memory  bit  cells  assert- 
ing  a  matchline  signal  (MATCHLINE  1, 
MATCHLINE  12)  if  the  tag  is  logically  equiva- 
lent  to  an  input  tag  (DISPATCH  READ  PORT  20 
#1); 

d)  a  plurality  of  random  access  memory  bit  cells 
storing  a  data  field  (DATA  1  ,  DATA  1  2)  connect- 
ed  to  a  corresponding  set  of  bit  lines  by  a  pass  25 
gate  multiplexor; 

e)  testing  means  (50,  52,  54,  56)  receiving  the 
matchline  signal,  one  of  said  N  decode  signals 
produced  by  said  one-of-N  decoder  and  a  test  30 
control  signal  (TEST),  the  testing  means  as- 
serting  a  wordline  signal  (WORDLINE  1, 
WORDLINE  12)  selecting  a  datafield  if  the  test 
control  signal  corresponds  to  a  first  logic  state 
and  the  plurality  of  content  addressable  mem-  35 
ory  cells  asserts  the  matchline  signal,  and  said 
testing  means  ensuring  that  the  wordline  signal 
is  derived  from  only  said  one  of  said  N  decode 
signals  produced  by  said  one-of-N  decoder 
when  the  test  control  signal  corresponds  to  a  40 
second  logic  state  representative  of  the  use  of 
scan  chains  for  testing  purpose; 

thereby  preventing  any  short-circuit  when  the  con- 
tent  addressable  memory  and  the  random  access  45 
memory  bit  cells  are  interconnected  in  order  to  form 
several  scan  chains  for  testing  purpose. 

2.  A  testable  memory  array  as  defined  in  claim  1  char- 
acterized  in  that  said  testing  means  comprises  at  so 
each  of  said  N  entries: 

an  AND  gate  (50,  54)  comprising  a  first  input, 
a  second  input  and  an  output,  the  first  input  re- 
ceiving  the  output  of  the  OR  gate,  the  second 
input  signal  receiving  the  matchline  signal,  the 
output  generating  the  wordline  signal. 

3.  A  data  processor  comprising  a  rename  buffer  for 
storing  instruction  results  during  a  time  period  be- 
tween  instruction  execution  and  instruction  comple- 
tion,  the  rename  buffer  comprising  a  testable  mem- 
ory  array  as  defined  in  anyone  of  claims  1  and  2. 

Patentanspriiche 

1.  Eine  prufbare  Speicheranordnung,  bestehend  aus: 

a)  einem  1-aus-N-Decoder  48,  wobei  N  eine 
ganze  Zahl  ist  und  der  1-aus-N-Decoder  als 
Antwort  auf  ein  empfangenes  Eingangssignal 
(RUCKSCHREIBBUS)  genau  eines  von  N  De- 
codierungssignalen  (DECODE  1,  DECODE 
12)  erzeugt; 

b)  N  mit  dem  1-aus-N-Decoder  gekoppelten 
Eintragen  (EINTRAG  1,  EINTRAG  12),  wobei 
jeder  Eintrag  folgendes  enthalt: 

c)  mehrere  inhaltsadressierbare  Speicherbit- 
zellen,  in  denen  ein  Kennzeichen  (KENNZ  1, 
KENNZ  2)  gespeichert  ist,  und  die  ein  Uberein- 
stimmungsleitungssignal  (UBEREINSTIM- 
MUNGSLEITUNG  1,  UBEREINSTIMMUNGS- 
LEITUNG  12)  erzeugen,  wenn  das  Kennzei- 
chen  logisch  mit  einem  eingegebenen  Kenn- 
zeichen  (LESEANSCHLUSS  FUR  ZUTEI- 
LUNG  #1)  aquivalent  ist; 

d)  mehrere  Direktzugriffsspeicherzellen,  in  de- 
nen  ein  durch  einen  Pass-Gate-Multiplexer  mit 
einem  zugehorigen  Bitleitungssatz  verbunde- 
nes  Datenfeld  (DATEN  1,  DATEN  12)  gespei- 
chert  ist; 

e)  Prufmitteln  (50,  52,  54,  56),  die  das  Uberein- 
stimmungsleitungssignal,  eines  der  N  vom 
1-aus-N-Decoder  erzeugten  Decodierungssi- 
gnale  und  ein  Test-Steuersignal  TEST  empfan- 
gen,  wobei  das  Prufmittel  ein  Wortleitungssi- 
gnal  (WORTLEITUNG  1,  WORTLEITUNG  12), 
das  ein  Datenfeld  auswahlt,  erzeugt,  wenn  das 
Test-Steuersignal  einem  ersten  logischen  Zu- 
stand  entspricht  und  die  inhaltsadressierbaren 
Speicherzellen  das  Ubereinstimmungssignal 
erzeugen,  und  wobei  das  Prufmittel  sicherstellt, 
dal3  das  Wortleitungssignal  von  genau  einem 
der  N  vom  1-aus-N-Decoder  erzeugten  Deco- 
dierungssignale  stammt,  wenn  das  Test-Steu- 

an  OR  gate  (52,  56)  comprising  a  first  input,  a 
second  input  and  an  output  ,  the  first  input  re- 
ceiving  the  test  control  signal,  the  second  input  55 
signal  receiving  said  one  of  the  N  decode  sig- 
nals  produced  by  said  one-of-N  decoder; 
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ersignal  einem  zweiten  logischen  Zustand  ent- 
spricht,  welcher  fur  die  Verwendung  von  Priif- 
ketten  zu  Prufzwecken  reprasentativ  ist; 

so  da(3  dadurch  ein  KurzschluB  verhindert  wird, 
wenn  die  inhaltsadressierbaren  Speicherbitzellen 
und  die  Direktzugriffsspeicherbitzellen  miteinander 
verbunden  werden,  urn  zu  Prufzwecken  mehrere 
Prufketten  zu  bilden. 

2.  Eine  prufbare  Speicheranordnung  gema(3  An- 
spruch  1,  die  dadurch  gekennzeichnet  ist,  da(3  das 
Prufmittel  an  jedem  der  N  Eintrage  folgendes  be- 
sitzt: 

eine  ODER-Schaltung  52,  56,  bestehend  aus 
einem  ersten  Eingang,  einem  zweiten  Eingang 
und  einem  Ausgang,  wobei  der  erste  Eingang 
das  Test-Steuersignal  und  der  zweite  Eingang 
das  eine  von  N  vom  1-aus-N-Decoder  erzeug- 
ten  Decodierungssignalen  empfangt; 

eine  UND-Schaltung  50,  54,  bestehend  aus  ei- 
nem  ersten  Eingang,  einem  zweiten  Eingang 
und  einem  Ausgang,  wobei  der  erste  Eingang 
die  Ausgabe  der  ODER-Schaltung  und  der 
zweite  Eingang  das  Ubereinstimmungslei- 
tungssignal  empfangt  und  der  Ausgang  das 
Wortleitungssignal  erzeugt. 

3.  Ein  Datenprozessor  mit  einem  Umbenennungspuf- 
fer  zur  Speicherung  von  Instruktionsergebnissen 
iiber  eine  Zeit  zwischen  der  Instruktionsausfuhrung 
und  der  Instruktionsbeendigung,  wobei  der  Umbe- 
nennungspuffer  eine  prufbare  Speicheranordnung 
gemaB  Anspruch  1  und  2  besitzt. 

Revendications 

1.  Reseau  de  memoire  testable  comprenant 

a)  un  decodeur  un  parmi  N  (48),  ou  N  est  un 
nombre  entier,  le  decodeur  un  parmi  N  activant 
un  signal  de  commande  et  seulement  un  des  N 
signauxde  decodage  (DECODAGE  1,  DECO- 
DAGE  12)  sensible  a  un  signal  d'entree  recu 
(BUS  DE  REECRITURE)  ; 

b)  N  entrees  (ENTREE  1,  ENTREE  12)  au  de- 
codeur  un  parmi  N,  chacune  des  N  entrees 
comprenant  : 

c)  une  pluralite  de  cellules  binaires  de  memoire 
adressable  a  contenu  adressable  memorisant 
un  indicateur  (INDICATEUR  1,  INDICATEUR 
2),  la  pluralite  des  cellules  binaires  de  memoire 
a  contenu  adressable  activant  un  signal  de  con- 

cordance  de  ligne  (CONCORDANCE  DE  Ll- 
GNE  1,  CONCORDANCE  DE  LIGNE  12)  si  I'in- 
dicateur  est  logiquement  equivalent  a  un  indi- 
cateur  d'entree  (DISTRIBUTION  DE  L'ACCES 

5  DE  LECTURE  #1)  ; 

d)  une  pluralite  de  cellules  binaires  de  memoire 
vive  memorisant  une  zone  de  donnees  (DON- 
NEES  1,  DONNEES  12)  connectee  a  un  en- 

10  semble  correspondant  de  ligne  binaire  a  un 
multiplexeur  a  porte  passant  ; 

e)  un  moyen  de  test  (50,  52,  54,  56)  recevant 
le  signal  de  concordance  de  ligne,  un  signal 

is  parmi  lesdits  N  signaux  de  decodage  et  par  le- 
dit  decodeur  un  parmi  N  et  un  signal  de  com- 
mande  de  test  (TEST),  le  moyen  de  test  acti- 
vant  un  signal  de  ligne  de  mots  (LIGNE  DE 
MOTS  1,  LIGNE  DE  MOTS  12)  selectionnant 

20  une  zone  de  donnees  si  le  signal  de  commande 
de  test  correspond  a  un  premier  etat  logique  et 
la  pluralite  des  cellules  memoires  a  contenu 
adressable  activent  le  signal  de  concordance 
de  ligne,  et  ledit  moyen  de  test  assurant  que 

25  les  signaux  de  ligne  de  mots  sont  obtenus  a 
partir  de  seulement  un  signal  parmi  lesdits  N 
signaux  de  decodage  produits  par  ledit  deco- 
deur  un  parmi  N  lorsque  le  signal  de  commande 
de  test  correspond  a  un  second  etat  logique  re- 

30  presentatif  de  I'utilisation  d'une  chaTne  d'analy- 
ses  a  des  fins  de  test  ; 

empechant  de  ce  fait  tout  court-circuit  lorsque  les 
cellules  binaires  de  la  memoire  a  contenu  adressa- 

35  ble  et  de  la  memoire  vive  sont  interconnected  afin 
de  former  nombreuses  chaTnes  d'analyses  a  des 
fins  de  test. 

2.  Reseau  de  memoire  testable  selon  la  revendication 
40  1  ,  caracterise  en  ce  que  ledit  moyen  de  test  com- 

prend  a  chacune  desdites  N  entrees  : 

une  porte  OU  (52,  56)  comprenant  une  premie- 
re  entree,  une  seconde  entree  et  une  sortie,  la 

45  premiere  entree  recevant  le  signal  de  comman- 
de  de  test,  la  seconde  recevant  du  bruit,  la  se- 
conde  entree  recevant  le  signal  dudit  signal 
parmi  les  N  signaux  de  decodage  produits  par- 
mi  ledit  decodeur  un  parmi  N  ; 

50 
une  porte  ET  (50,  54)  comprenant  une  premie- 
re  entree,  une  seconde  entree  et  une  sortie,  la 
premiere  entree  recevant  la  sortie  de  la  porte 
OU,  la  seconde  entree  recevant  le  signal  de 

55  concordance  de  ligne,  la  sortie  generant  le  si- 
gnal  de  ligne  de  mots. 

3.  Processeur  de  donnees  comprenant  une  memoire 
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tampon  de  changement  de  nom  pour  memoriser 
des  resultats  de  I'instruction  pendant  un  intervalle 
de  temps  situe  entre  I'execution  de  I'instruction  et 
I'achevement  de  I'instruction,  la  memoire  tampon 
de  changement  de  nom  comprenant  un  reseau  de  s 
memoire  testable  comme  defini  selon  I'une  quel- 
conque  des  revendications  1  et  2. 
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